Currents are believed to exist in mirror mode structures and to be self-consistent with 15 the magnetic field depression. Here, we investigate a train of mirror mode structures in 16 the terrestrial plasma sheet on 11 August 2017 measured by the Magnetospheric 17
Introduction

26
Mirror modes are pressure-balanced and compressional magnetic structures 27 (Hasegawa, 1969; Tsurutani et al., 2011; Wang et al., 2016; Zhang et al., 2018) . They 28 widely exist in many space plasma regions, such as solar wind (Zhang et al., 2008 (Zhang et al., , 2009 29 Russell et al., 2009 ), planetary magnetosheath (Volwerk et al., 2008; Schmid et al., 30 2014) , planetary magnetosphere (Vaivads et al., 2001; Rae et al., 2007) , and comets 31 (Glassmeier et al., 1993; Volwerk et al., 2016) . These structures are believed to be 32 generated by the mirror instability excited in the mirror unstable environment 33 (Hasegawa, 1969; Southwood and Kivelson, 1993) . The plasma perpendicular 34 temperature anisotropy provides free energy to excite the mirror instability (Kivelson 35 and Southwood, 1996) . Once the mirror mode structures are generated, they will 36 convected with the ambient flow since they are non-propagating relative to the ambient 37 flow (Tsurutani et al., 2011) . It is expected that they will stop to grow or decay when 38 they move to the mirror stable region. Actually, they are reported to be able to survive 39 in the mirror stable region in the solar wind and magnetosheath 40 Russell et al., 2009) . 41
42
Mirror mode structures appears as not only quasi-periodic sinusoidal oscillations, but 43 also local enhancements or decrease of the magnetic field intensity, referred to as 44 magnetic peaks or dips (Tsurutani et al., 2011) . Magnetic peaks can only exist in the 45 mirror unstable environments, while magnetic dips are able to survive in the mirror 46 stable region (Kuznetsov et al., 2007; Soucek et al., 2008) . The typical scales of the 47 mirror mode structures are 10s ρi in the magnetosheath (Tsurutani et al., 1982; Horbury 48 and Lucek, 2009), where ρi is the ion gyro radius. Based on observations of the four 49
Cluster satellites, the longest scales of the mirror mode structures in the magnetosheath 50 is found to be 2 -6 times length of their shortest scales, and their shapes are 51 approximately cigar-like (Horbury and Lucek, 2009) . 52
53
In the terrestrial plasma sheet, there also exist mirror mode structures with several 54 https://doi.org/10.5194/angeo-2019-144 Preprint. Discussion started: 7 November 2019 c Author(s) 2019. CC BY 4.0 License.
ion gyro radii (Vaivads et al., 2001; Zieger et al., 2011; Li et al., 2014; Wang et al., 55 2016) . The earthward fast flows can result in a magnetic pileup in its leading area, and 56 the ion perpendicular temperature anisotropy in the pileup region is able to make the 57 local plasma conditions mirror-unstable to generate mirror mode structures (Zieger et 58 al., 2011) . Mirror mode structures accompanied by electron dynamics and whistler 59 waves are also reported to occur during the dipolarization processes in the plasma sheet 60 magnetic pileup region ahead of a DF, and the mirror instability is suggested to be a 66 potential mechanism to generate these structures since local environments are mirror-67 unstable (Wang et al., 2016) . Within a mirror mode structure there should be an electric 68 current driven by the magnetic gradient and curvature drifts of the ions and/or electrons 69 in order to sustain their stability (Constantinescu, 2002) . 70
71
In this study, we investigate a train of mirror mode structures in the terrestrial plasma 72 sheet on 11 August 2017 using the Magnetospheric Multiscale (MMS) mission data. 73
The aim of this study is to figure out the roles of electrons and ions in the current inside 74 the mirror mode structure based on the high-resolution MMS data. 75 76 2 Observation 77
The MMS spacecraft consist of four identical satellites, which constitute a 78 tetrahedron with inter-spacecraft distances of tens km (Burch et al., 2015) . In the 79 present study, we use the survey (a resolution of 16 Hz) and burst (128 Hz) magnetic 80 field data obtained by the Fluxgate Magnetometer (Russell et al., 2014) , and the survey 81 We mark these mirror mode structures as MM1 to MM5, and their time intervals and 127 scales are listed in Table 1 . The scales are estimated by 128 the structure's stability, and the current is determined by the collective behavior of 238 electrons and ions (see Constantinescu, 2002) . Figure 2 and 3 shows that a bipolar 239 current density is observed in both MM1 and MM5. BL changes ~6 nT in MM1, and 240 the estimated length of MM1 is 4.83 × 10 3 km. Thus, a current density jB with a value 241 of ~2 nA/m 2 is necessary to be self-consistent with the magnetic field depression. The 242 amplitude of the bipolar jN in MM1 is ~2 nA/m 2 , almost equal to jB, indicating that 243 MM1 is a stable structure (Constantinescu, 2002) . Similarly, MM5 is also a stable 244 structure. The variations of the current density in MM1 is mainly contributed by the 245 variations of the electron velocity. By contrast, no significant changes occur in the 246 electron velocity, while a bipolar ion velocity similar to the current density appears in 247 Vi_N. Thus, the bipolar current density in MM5 is mainly contributed by the variations 248 of the ion velocity. 249
250
The size of MM1 is ~3 ρi, and its central magnetic field strength is almost 0. Thus, 251 the ion gyro radius is expected to significantly change within one orbit, and ions would 252 randomly jump between neighboring magnetic dips (Constantinescu, 2002) . These ions 253 are referred to as chaotic particles, which do not contributed to the formation of the 254 current in the mirror mode structure (Constantinescu, 2002) . It might be an important 255 reason that the current in MM1 is mainly contributed by electrons. The size of MM1 is 256 ~20 ρe, where ρe is the local electron gyro radius. Thus, a quasi-hydrodynamic treatment 257 can be used to describe the electrons. Three kind of drifts are expected to form the 258 current in MM1, i.e. the magnetic gradient drift, the magnetic curvature drift, and the 259 https://doi.org/10.5194/angeo-2019-144 Preprint. Discussion started: 7 November 2019 c Author(s) 2019. CC BY 4.0 License. electron diamagnetic drift. The electron perpendicular thermal pressure Pe⊥ changes 260 ~0.002 nPa in MM1, the average electron number density is ~0.4 cm -3 , and the average 261 total magnetic field is ~3 nT. Consequently, the estimated electron diamagnetic drift 262 velocity is ~4 km/s, much smaller than the bipolar amplitude ~70 km/s in Ve_N in Figure  263 2. We also calculate the magnetic gradient drift velocity with an estimated value of 1.13 264 × 10 2 km/s, where the electron perpendicular temperature is ~800 eV, and BL changes 265 ~6 nT in a length of 2.45 × 10 2 km. properties in this structure. The ion perpendicular thermal pressure tends to be larger 278 from the edge of MM5 towards its center (see Figure 3) , therefore, an ion diamagnetic 279 drift is expected to be formed (Baumjohann and Treumann, 1996) . The ion 280 perpendicular thermal pressure changes by ~0.013 nPa for intervals 21:02:31 -281 21:02:40 UT and 21:03:07 -21:03:29 UT (see Figure 3 ). Using the average ion density 282 and magnetic field strength, the estimated velocities of the diamagnetic drift are 40.4 283 km/s and 19.2 km/s for these two intervals, which is comparable with the amplitude of 284 the bipolar Vi_N in Figure 3 . Therefore, the ion bipolar velocity as well as the bipolar 285 current in MM5 is mainly contributed by the ion diamagnetic drift. It is expected that 286 the magnetic gradient and curvature drifts of ions move in opposite directions in MM5. 287
We speculate that the difference of the magnetic gradient and curvature drift velocities We have studied the mirror mode structures with a size of several to 14.41 ρi in the 323 plasma sheet on 11 August 2017. Current is expected to exist in the magnetic dip 324 contributed by the collective behavior of electrons and ions. Our observations show a 325 bipolar current in two magnetic dips, and the electrons and ions play different roles in 326 each dip. The bipolar current in the magnetic dip with a size of ~3 ρi is mainly 327 contributed by an electron bipolar velocity. The bipolar electron velocity could mainly 328 result from the magnetic and curvature drifts of electrons. The chaotic motion of ions 329 might be one significant reason that ions have almost no contribution to the formation 330 of the current in this magnetic dip. For another magnetic dip with a size of 6.67 ρi, the 331 bipolar current is mainly contributed by the ion bipolar velocity, which can be explained 332 by the ion diamagnetic drift velocity. We suggest that both the scale and magnetic 333 geometry of magnetic dips are significant to determine the roles of electrons and ions 334 in the formation of the current in dips. 
